The early reactivation of the uterus and embryo from diapause suggests that it is not triggered by the previously described peaks of progesterone and oestradiol in plasma at Day 5, although there may be an earlier, increased sensitivity to these steroids which allows uterine reactivation to precede changes in peripheral plasma concentration.
Introduction
Female tammars, like most macropodid marsupials, usually carry a diapausing embryo through lactation (Tyndale-Biscoe, Hearn & Renfree, 1974) . This diapause normally continues for 11 months, during which time the embryo shows no expansion in size or increase in cell number. If the suckled pouch young is removed or lost prematurely during the breeding season (January-May), the embryo resumes development and is born about 27 days later (Merchant, 1979) .
During diapause the corpus luteum remains small and concentrations of progesterone in the corpus luteum and in peripheral plasma are low (11-3 ng/mg; 100-200 pg/ml; Renfree, Green & Young, 1979; Hinds & Tyndale-Biscoe, 1982) . After removal of pouch young the corpus luteum begins to grow, mostly by hypertrophy (Tyndale-Biscoe & Hinds, 1981) . At Day 5 after removal of young there is a surge of progesterone secretion by the corpus luteum (Hinds, Evans & Tyndale-Biscoe, 1983) and peripheral plasma progesterone concentrations rise to a transient peak of about 450 pg/ml between Days 5 and 8 (Hinds & Tyndale-Biscoe, 1982) . Similarly, plasma oestradiol-17ß concentrations rise from 8-3 + 1-2 pg/ml on Days 3 and 4 to a peak of 15-8 + 2-9 pg/ml on Day 5, coincident with the progesterone peak, and fall to 10-5 + 2-7 pg/ml on Day 7 (Shaw & Renfree, 1984) . From Day 10 progesterone concentrations rise again to a plateau of about 500-800 pg/ml then fall precipitously around the time of parturition (Tyndale-Biscoe, Hinds, Horn & Jenkin, 1983; Shaw & Renfree, 1984) . This second rise of progesterone concentration is apparently not needed to maintain pregnancy, since embryos developed to term after ovariectomy at Day 8, although parturition was prevented (Tyndale-Biscoe, 1970) .
During diapause, and up to Day 18 after removal of pouch young, the embryo lies free and unattached in the uterus (Renfree, 1973) and so factors triggering reactivation and maintaining growth must reach the embryo via the uterine secretions. Renfree (1973) (Renfree, 1973; Tyndale-Biscoe, 1979; Thornber, Renfree & Wallace, 1981) . Hinds & Tyndale-Biscoe (1982) proposed that the early peak of progesterone may be respon¬ sible for re-initiating embryonic development after diapause, because treatment of quiescent tammars with 10 mg progesterone/day for 10 days induces uterine secretory activity and reacti¬ vation of the embryos, leading to full term pregnancies at Days 22 and 23 after the start of injec¬ tions (Renfree & Tyndale-Biscoe, 1973) . The first measurable gross morphological change in the embryo, the start of expansion, occurs about Day 8 after pouch young removal, or after about 3^1-days' treatment with progesterone, further supporting this hypothesis (Renfree & Tyndale-Biscoe, 1973) .
Metabolic reactivation occurs earlier than the first expansion. Moore (1978) (Biggers, Whitten & Whittingham, 1971) . The incubation medium was TC199 containing 2-2 MBq
[5-3H]uridine/ml (sp. act. 932 GBq/mmol). After incubation for 6 h at 37°C each blastocyst was quickly washed twice in 2 ml unlabelled medium and deposited between two small pieces of glassfibre filter paper. These were placed in 1 ml ice-cold 5% TCA for 20 min, then washed twice in 1 ml cold 95% ethanol for 10 min, 1 ml ether for 5 min and air dried (Thornber et al., 1981) . Radio¬ activity in the TCA supernatant and the dried filter paper was counted in 5 ml scintillation fluid. 2) treatment. The steroid-treated animals were bilaterally ovariectomized dur¬ ing seasonal quiescence. After a 5-7-day recovery period they were treated with 1 mg progesterone or 2 µg oestradiol (in oil, i.m.) daily for 2 or 3 days. These doses will give plasma concentrations of these two steroids in the physiological range (Renfree, Wallace & Young, 1982; Ward & Renfree, 1984 , Shaw & Renfree, 1984 .
The uteri were dissected out immediately post mortem and chilled on ice, and each uterus was flushed or opened to recover any embryos (Renfree, 1973) . The endometrium was gently cut free from the myometrium using fine scissors and cut into~1 mm cubes in a Petri dish of medium. Each replicate incubation contained about 15 of these expiants and 3-5 replicates were cultured from each uterus. The expiants were incubated in 0-5 ml medium in 24-well culture dishes for 8 h at 37°C under 95% 02 5% C02, and were supported at the surface of the medium by a piece of glassfibre filter paper on a stainless-steel supporting grid to facilitate gas exchange. Under these con¬ ditions incorporation increased linearly with time for at least 8 h (Fig. 1) At the end of incubation the medium was transferred to 12 75 mm glass tubes containing 2 ml ice-cold 10% perchloric acid (PCA). The precipitated proteins were washed 3 times in 3 ml PCA then dissolved overnight at 30°C in 1 ml 1 M-NaOH. The filter paper with adhering tissue was placed in a separate tube with 3 ml cold PCA then given 6 washes in 5 ml cold PCA. This was suf¬ ficient to remove all acid-soluble radioactivity (Fig. 2) Autoradiography. Tissue was fixed in Karnovsky's glutaraldehyde-paraformaldehyde fixative, embedded in paraffin wax and sectioned at 6 µ . After removal of the wax and rehydration, the sections were dipped in Ilford L4 emulsion (Ilford, U.K.) and exposed for 2 weeks at 4°C. The autoradiographs were developed in Kodak D19 developer, after which the sections were stained using haematoxylin and eosin, and mounted under DePeX. Silver grains were localized using bright-field and dark-field microscopy.
Results
All of the females in the embryo metabolism study had corpora lutea which appeared quiescent at Day 0, and were enlarged at Day 5 and later stages indicating that they had reactivated. Three females had no blastocyst (one each at Days 0, 7 and 9), and one of the Day-0 blastocysts was lost when it adhered inside a pipette during transfer. The two remaining Day-0 blastocysts appeared normal, and both had low rates of uptake and incorporation of uridine ( (Hill & O'Donoghue, 1913; Renfree & Tyndale-Biscoe, 1973; Shorey & Hughes, 1973; Renfree, 1973 Renfree, , 1975 Shaw & Rose, 1979; Fleming & Harder, 1981a, b) , the results from these two non-pregnant females were included with those from pregnant females for statistical analysis. Leucine incorporation changed markedly after removal of pouch young. By Day 4 there was a 3-fold increase in protein secretion compared to Day 0 (P < 001) for gravid (1-24 + (Fig. 3) and there was a marked difference between the uteri at this stage (P < 0-05). Tissue protein, how¬ ever, declined between Days 12 and 26, and although the gravid endometrium incorporated more leucine than the non-gravid, there was no significant difference between the two sides throughout pregnancy (P < 0-05). Treatment with progesterone or oestradiol for 2 or 3 days stimulated leucine incorporation into secreted and tissue protein to levels well above those seen in quiescent uteri (Fig. 4) . Embryos were recovered from both of the progesterone-treated females, and these were indistinguishable from quiescent embryos. Neither of the oestrogen-treated females had blastocysts.
Autoradiographs prepared from incubated tissue showed the label localized mainly over the gland epithelia with a lesser degree of labelling over the stroma.
Discussion
The results of these studies confirm the observations of Moore (1978) (Renfree, 1973; Thornber et al., 1981) . By mid-pregnancy, however, there is a clear difference in the synthesis and secretion of the two uteri. Renfree (1972) and Renfree & Tyndale-Biscoe (1973) showed that this effect was due to the fetus rather than the proximity of the corpus luteum. The unilateral increase in protein syn¬ thesis in the late pregnancy samples observed in this study supports the suggestion that this stimu¬ lation may be a local effect of the fetus or placenta, and possibly of placental steroids. However, although the tammar placenta can synthesize progesterone in vitro, the yields are low and less than 1% conversion of precursors occurs in a 3-h incubation (Heap, Renfree & Burton, 1980) . It has been suggested that reactivation of the tammar blastocyst is triggered by progesterone from the reactivating corpus luteum (Hinds & Tyndale-Biscoe, 1982 (Hinds & Tyndale-Biscoe, 1982; Hinds et al., 1983) , so it appears that an earlier change is responsible for triggering reactivation. Oestradiol may be a candidate since the uteri responded to exogenous oestradiol with increased secretion. How¬ ever, like progesterone, oestradiol concentrations on Day 4 are not significantly different from those in diapause, although they rise to a peak on Days 5-6 after removal of pouch young (Shaw & Renfree, 1984) .
This presents a dilemma, because exogenous steroids can reactivate tammar blastocysts and allow pregnancy to proceed to term (Berger & Sharman, 1969; Renfree & Tyndale-Biscoe, 1973) although from Ward & Renfree's (1984) more recent data the plasma concentrations in those studies were probably non-physiological. Many of the failed blastocysts showed abnormal embryonic growth and not all embryos reactivate after this treatment, even when lower doses more in the physiological range were given (Berger & Sharman, 1969; Renfree et al., 1982) . This lack of success in stimulating successful development may result from inappropriate doses or timings, but it remains possible, although unlikely from the evidence presented above, that another hormone could play a role in initiating reactivation from diapause.
An increase in uterine sensitivity to progesterone reflected as a change in receptor concen¬ trations, could also account for a uterine progestational response without a change in plasma con¬ centrations of progesterone. Owen, Cake & Bradshaw (1982) have demonstrated the presence of progesterone receptors in the uteri of another macropodid marsupial, the quokka, and receptor content was increased by oestradiol treatment. Similarly, in the brush-tailed possum, there is an enhancement of progesterone cytosol receptor synthesis by oestradiol (Curlewis, 1983) . A number of other hormones also affect steroid hormone action on the uterus. Thyroid hormones facilitate oestrogen action (Cidlowski & Muldoon, 1975; Stancel et ., 1979) , and pituitary hormones, including prolactin, can affect uterine progesterone receptor content (Daniel, 1980; Daniel, Jetton & Chiffon, 1984) . It therefore seems possible that, after removal of pouch young in the tammar, there may be an increased sensitivity of the uterus to progesterone (and/or oestradiol), allowing uterine reactivation to precede changes in plasma concentrations in these steroids. It would be interesting to establish whether the peaks of progesterone and oestradiol at Day 5 are essential for the maintenance of pregnancy, or whether pregnancy could proceed with continued, low concentration of these hormones.
